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ABSTRACT 

A growing number of observations indicate that magnetic fields are present among a small fraction 
of massive O- and B-type stars, yet the origin of these fields remains unclear. Here we present the 
results of a VLT/FORSl spectropolarimetric survey of 15 B-type members of the open cluster NGC 
3766. We have detected two magnetic B stars in the cluster, including one with a large field of nearly 
2 kC, and we find marginal detections of two additional stars. There is no correlation between the 
observed longitudinal field strengths and the projected rotational velocity, suggesting that a dynamo 
origin for the fields is unlikely. We also use the Oblique Dipole Rotator model to simulate populations 
of magnetic stars with uniform or slightly varying magnetic flux on the ZAMS. None of the models 
successfully reproduces our observed range in Bg and the expected number of field detections, and we 
rule out a purely fossil origin for the observed fields. 

Subject headings: stars: magnetic fields — stars: early-type - open clusters and associations: general 
— open clusters and associations: individual (NGC 3766) 
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1. INTRODUCTION 

Magnetic fields have long been inferred in solar and 
late-type stars and are produced by a dynamo mechanism 
in the outer convection zones. Studies of hot star struc- 
ture and evolution have long neglected magnetic fields 
since the radiative envelopes of hot stars are not expected 
to produce them. Yet, an increasing number of observa- 
tions have revealed that magnetic fie lds are present in 



5% of hot stars (Petit et al. 20 08|, even tho ugh the 



origin of such fields is uncertain! Neiner 20071. Vari 



ous models have proposed that they may be generated 
in the convective cores, although no known mechanism 
can transport them to th e surface in a timescale con- 
sistent with observations (iCharbonneau fc MacGregor 



2001||MacGregor fc Cassinelli|2003| . Other models have 



proposed that the radiative envelopes somehow maintain 
a dynamo process near the stellar surface (e.g. Spruit] 



2002 



MacDonald & MuUan 20041. Finally, magnetic 



fields m hot stars may be a relic from stellar formation 
hence the present day field is a "fossil" of the primordial 
field. 

A growing number of studies have begun to investi- 
gate magnetic fields among massive stars in open clus- 
ters. Main-sequence (MS) and pre-main sequence (PMS) 
magnetic OB stars h ave recently been detected in the 
Orion Nebu la Cluster ([P etit et alj2008|), NGC 6611, and 
NGC 2244 ( [Alecian et al. 2008) with a variety of ages, 
rotational periods, and chemical abundances. Currently, 
the most widescale investigation of magnetic, early-type 
cluster members considers 258 A- and B-type stars in 



more than 40 op en clusters (Bagnulo et al. 2006 Land 



street et al.|2008|) . These studies otter strong potential to 



inter the origin of the magnetic fields in massive stars. If 
the magnetic fields are relics of the molecular cloud from 
which the stars formed, then a population of coeval OB 
stars should offer widespread evidence of the initial field. 
A past or present dynamo likely depends on other phys- 
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ical conditions within the stars, especially rotation, and 
would likely be less widespread among cluster members. 
Observations currently suggest a fossi l origin for the 



(20081 



1 stars 



magnetic fields in massive stars. Landstreet et al. 
find that the strongest fields are associated wit 
near the zero-age main-sequence (ZAMS) and that the 
field strength decays over time. For all but the strongest 
fields, the decay is consistent with magnetic fiux con- 
servation as_thB_stars_2ncreasehi radius during the MS 
lifetime. 



Landstreet et al. 



(|2008| also find that some of 
the strongest fields are found in the most slowly rotat- 
ing stars, and they find no correlation between rotation 
and magnetic field strength as expected for a magnetic 
dynamo in hot stars. However, there is no evidence that 
widespread magnetic braking contributes to the loss of 
angular momentum in B-type stars. The rotational ve- 
locity of B stars has been observed to decline with age 
(Huang & Gies 20061, but no more than expected for 
their increase in radius during the MS lifetime and an- 
gular momentum losses due to stellar winds. 

The open cluste r NGC 3766 is between 14.5 and 25 My r 
in age (WEBDA; [Moitinho et~ar||1997[ |Tadross|pOOl| , 
with a reddening E{B — V] = 0.22 ± 0.03 and at a dis- 
tance of 1.9 to 2.3 kpc ( McSwainet al.|2008|). In our s pec- 
troscopic study of this cluster ( [McSwain et al.||2008 ), we 
measured projected rotational velocities, l/sini, for 37 
members. We also measured the effective temperatures, 
Tcff, and polar surface gravities, loggpoiar, for 42 cluster 
members. More recently, we have analyzed spectra of ad- 
ditional cluster members using the same technique, and 
these will be presented in a forthcoming work (McSwain 
et al., in prep). In these works, we have identified sev- 
eral B-type members with unusually high or low helium 
abundances that are excellent candidates for the pres- 
ence of magnetic fields. Since NGC 3766 offers a number 
of likely magnetic field candidates as well as a chance to 
study the rotational and evolutionary dependence of hot 
star magnetic fields, it is an excellent target to search for 
magnetic B stars. 

For these reasons, we have conducted a spectropolari- 
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metric survey of 15 B-type stars in NGC 3766. In this 
work, we present the definite detection of two magnetic 
stars in the cluster, including one strong field of almost 
2 kG. We also identify two stars with marginal magnetic 
field detections that are worth further investigation. The 
observations and magnetic field measurements are dis- 
cussed in Section 2. In Section 3, we discuss the possibil- 
ity that the stellar magnetic field strength is correlated 
with rotation and/or MS evolution. We also present a 
method to test whether the observed magnetic field dis- 
tribution is consistent with a fossil field origin. Our con- 
clusions are summarized in Section 4. 

2. OBSERVATIONS AND DATA REDUCTION 

We observed 15 members of NGC 3766 during two 
nights of visitor mode time at Paranal Observatory on 
UT dates 2008 March 24-25. Our targets were selected 
to include as many helium strong and helium weak stars 
as possible, as well as Be stars and normal B-type stars 
in the cluster. They span a large range of V sin i and in- 
clude both MS and giant members. We did not include 
any supergiants since we expect that magnetic fields are 
expected to be stronger in stars with higher logt/poiar 
due to the conservation of magnetic fiux. We used the 
FORSl instrument, mounted on the 8m Kueyen (Unit 2) 
telescope of the VLT, in spectropolarimetric mode with 
the super-achromatic quarter-wave phase retarder plate 
in front of a Wollaston prism with a beam divergence 
of 22" in standard resolution mode. We used GRISM 
600B, with 600 grooves mm"-'^ and a slit width of 0.4", 
to achieve a spectral resolving power R — 1500 — 2500. 
The spectra cover the wavelength range 3250-6180 A, 
which includes all hydrogen Balmer lines except Ha. 

In order to measure magnetic fields with a 100 G for- 
mal error bar with this instrumental setup, a total photon 
count per pixel of about 10^ is necessary (Bagnulo et al. 
2002 1. Therefore we used a standard readout mode with 
low gain (A, 1x1, low) and exposure times between 200- 
900 s to achieve a typical signal of 10,000-30,000 photons 
per pixel in each exposure. To improve the signal, we 
obtained a continuous series of six exposures, alternat- 
ing the retarder waveplate at two different angles (-1-45° 
and —45°). Because of the long exposure times needed, 
we were only able to observe cluster members brighter 
than y < 11. Each target was observed at the center of 
the field of view to avoid off-axis, spurio us instrumental 
polarization signals ( Bagnulo et al. 2002 1 . Each exposure 
simultaneously recorded the ordinary and extraordinary 
beams of the Wollaston prism on separate regions of the 
chip. Table [l] lists a summary of the observations. 

Dome fiats were taken during the day with the tele- 
scope pointed at the zenith and using both retarder wave- 
plate setups used during the observations. Bias frames 
and helium lamp wavelength calibration images were also 
taken each day. The spectra were bias subtracted, fiat 
fielded, cosmic ray cleaned, and wavelength calibrated in 
IRAF using standard reduction procedures for slit spec- 
troscopy. 

Since the wavelength calibrations were taken during 
the day, the spectra for each night are on an identi- 
cal wavelength grid and no interpolation was necessary. 
For each star, we obtained Stokes /, the intensity in 
the unpolarized spectrum, by summing over all 12 avail- 
able beams. The I/Ic spectrum was rectified to a unit 



continuum using line free regions. We calculated the V 
spectr um using the method advocated by [Bagnulo et al.| 
(|2002l. 



V 

7 



r-r 



a=-45° 






Q=+45° 



(1) 



to minimize cross-talk effects and imperfect fiat-fielding 
correction. Here, a gives the position angle of the re- 
tarder waveplate and /° and f^ are the ordinary and 
e xtraordinary beam s, respectively. 



Landstreet ( 1982 ) showed that in the weak field regime, 
the longitudinal magnetic field, i?^, can be derived from 
the difference between the circular polarizations observed 
in the red and blue wings of the hydrogen line profiles 
using 

V _ gcffeA^ 1 dl ^ 



where gcs is the effective Lande factor, e is the electron 
charge, A is the wavelen gth, We is the el ectron mass, and 



c is the speed of light. Mathys (1988) shows that this 
relationship holds when rotation and limb darkening are 
taken into account. In our calculations, we set ge ff = 1 



for the Balmer lines (Casini & Landi degrinnoccnti'1994| 



and ff eff = 1.2 for He I and metal lines (Bagnulo et a. 



I 



2002 1 . Although we did not observe strong emission m 
the Balmer lines of any Be stars in the sample, we ex- 
cluded the H/3 line for the Be stars since that line profile 
is most likely to be contaminated by emission. We com- 
puted the measurement errors of the V/I spectra using 
the standard deviation of the spectra over line free re- 
gions. We applied this error in V/I to all points of the 
measured lines and used a least-squares linear fit to mea- 
sure Bi and its error, a, according to Equation 2. We 
claim a definite magnetic field detection if jB^ | is at least 
4(T, and marginal if between 2-4cr. The resulting mea- 
surements are included in Table [l] For each marginal 
and definite detection, we show a plot of each Stokes 
I/Ic and V/I spectra as well as the Bg fit in Figures [TIB] 
No. 170 has a strong magnetic field, thus there is a clear 
polarization signature in the V/I spectrum. The other 
detections have somewhat weaker Bi, so the polariza- 
tion signature in those V/I spectra is difficult to identify 
given the lower S/N of those spectra. Our mean a from 
our observations is 45 G, implying that on average, our 
survey has a Aa detection limit of Bmin = 180 G. Even 
with our worst case a, our detection limit is 292 G. 

3. DISCUSSION 

In order to probe a variety of massive star environ- 
ments, our targets in NGC 3766 refiect many different 
types of B stars in the cluster. We provide a summary of 
each target's physical properties in Table [2J I n columns 
1-2, we provide the identification numbers irom |McSwain| 
fc Gies| |2005| as well as the WEB DA database. We also 



give th e Stromgren y magnitude from McSwain & Gies 
(20051 in column 3. Columns 4-6 provide a physical de- 
scription of each star (Vsin i, Teg, logffpoiar ) from our 



2008 



spectroscopic investigations ( McSwain et al 

Swain et al. in prep). We used 'Jeff and logg^ 

terpolate between the evolutionary tracks of Schallcr e_t] 



Mc- 

lolar to in- 



al. (19921 to measure each star's mass 
and current radii, Rq and i?^. 



M^, and ZAMS 
respectively. They are 
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listed in columns 7-9. Finally, column 10 provides a 
short comment about the nature of each star. 

Since we observed cluster members with a large range 
in V sin i and log gpoiar , it is worth investigating possible 
trends with those parameters. We do not observe any 
trends with the detection of Bi with Tasini, suggesting 
that rotation is not a major factor influencing the pres- 
ence of magnetic fields. In fact, star 170 has a strong 
field of nearly 2 kG, yet it is a relatively slow rotator 
among B-type stars. In our small sample, we also do not 
observe any trends with log^poiar, an important indica- 
tor of evolution along the MS. All of our targets are early 
B-type stars with rather small range in T^g and M^, so 
we cannot consider any possible trends with those pa- 
rameters. 

A number of studies have proposed that B stars with 
unusual helium abundances are likely to have m agnetic 
fields (see the discussion of Huang & Gies 2006 1 . Most 
of the cluster members with abnormally weak He I lines 
were too faint to observe {y > 12), but the one He weak 
star observed. No. 170, was found to have a very strong 
magnetic field of 1.7 kG. We also observed 3 He strong 
members whose He I line strength could be a signature 
of either magnetic fields or blended lines in a binary. We 
found a definite detection of a magnetic field in the He 
strong star 94. Our target list also included 5 transient 
Be stars whose d isks have been observ ed to disappear 
and/or reappear ( McSwain et al. 2008 1 and 3 Be stars 
with stable disks to investigate whether magnetic behav- 
ior might influence the formation of their disks. Among 
the Be stars observed, we found marginal detections of 
Bi in No. 47. Finally, we included a control sample of B- 
type stars with normal abundance patterns and without 
evidence of the Be phenomenon. We found a marginal 
detection in No. 45, which we classify as a normal B star 
since it has not exhibited Balmer line emission in any of 
ou r data. How e ver, it was id entified as a possible Be star 
by Shobbrook (1985 19871 and may be a transient Be 
star. 

To look for possible variations in the He I line pro- 
files that might be due to magnetic activity altering the 
surface He abundances, especially among the He weak 
and He strong members, we compared the Stokes I/Ic 
spectrum of each star to prior spectra obtained with the 
CTIO 4.0m Blanco telescope (McSw ain et al.||2008[ Mc- 
Swain et al. in prep.). Nearly all the stars have deeper 
and sharper lines in our 2006 and 2007 data sets, a con- 
sequence of the higher spectral resolving power (R = 
3200 — 4700) during those observations. Some additional 
differences in the H Balmer line strengths were found 
among the Be stars due to changes in their disk strengths, 
a common source of variability among Be stars. We did 
not find any other evidence for changes in the He I or 
other lines among any other cluster stars. Neither the 
VLT nor the CTIO spectra have a high quality wave- 
length calibration, so we did not look for variations in 
radial velocity between the data sets. 

We can use our B^ detections to test the hypothesis 
that the magnetic fields in NGC 3766 are fossil remnants 
of the original molecular cloud. For a fossil origin, it 
is reasonable to assume that all of the cluster members 
were born with oblique dipole fields and similar mag- 
netic fiuxes but random orientations. If we assume that 
magnetic fiux is also conserved among these B stars (as 



observed by Landstreet et al. 2008 1 , then the present day 
surface field strength will be Jy = Bo{Ro/R*)^, where Bq 
is the ZAMS surface dipole field strength 



In the Ob lique Dipo le Rotator model (Stibbs 1950 
Preston 1967[ [Auriere et al. 20071, a magnetic dipole 
may be inclined relative to the rotation axis by the angle 
f3, and the rotational axis itself may be inclined by the 
angle i. Thus the dipole vector makes an angle 7 with 
the line of sight, and the net effect is the modulation of 
the measured B^ — i?cff COS7 with the rotational phase, 
0, where: 

cos 7 = sin/3sinicos27r((/) — 0o) + cos /3 cos i. (3) 

BcS is an average over the observed photosphere of the 
star, corresponding to the observed longitudinal field 
when viewed along the dipole axis. The surface dipole 
field strength, B, is related to Bcff through 



B 



20(3 - u) 
15 + u 



S, 



cff 



3.5Beff 



(4) 



(Preston 19671. Here we have used t he limb d arkening 
coefficient u « 0.35 for our sample (Wade fc Rucinski] 



19851 



We simulated two sets of fossil field populations with 
a range of magnetic fluxes Fb — BqRq. In Model A, we 
assigned a constant Fb to all cluster stars. Since the ini- 
tial conditions at the ZAMS may have varied somewhat. 
Model B allows Fb to vary randomly by 50% among the 
cluster members (from the given value Fb up to 1.5Fb). 
In each model, we assigned a random distribution of in- 
clination angles, < i < tt, over a spherical surface. For 
the magnetic field orientation angles, we used a fiat ran- 
dom distribution, < /3 < tt, sinc e low values of /3 ar e 
roughly as probable as high values ( Auriere et al.|2007 l. 
While the dipoles may be co-aligned in such a coeval 
population, there is no evidence for or against assuming 
random orientations of Bq and B with our limited ob- 
servations. Since our measured Bi are taken at random 
snapshots during the stars' rotation, we also allowed a 
random rotational phase < < 1. Using 50,000 tri- 
als for each model, we determined the expected number 
of magnetic field detections, N^ctj in our sample given 
our detection limit \Bi\ > 180 G. The measured iVdct 
form a Gaussian distribution with a standard deviation 
given by <tn. From the predicted detections, Bdct, we 
also determined the mean detected field, 



Br, 



El^detl 

A^dct 



(5) 



and the standard deviation of -Bmoan, o'b- In every trial, 
we also applied a Kolmogorov-Smirnov (K-S) statistical 
test to determine the probability, p, that the observed 
distribution of B^ is drawn from the simulated distri- 
butions of fossil fields. We list the resulting Ndet, crjv, 
-Bmean, ctb, and the mean p for each set of trials in Table 

H 

Based on this simple model, we tentatively rule out 
a fossil origin for the strong fields observed in star 170 
{Fb — 168,000 G Rq) or even the marginal detection 
of star 47 {Fb = 105,000 G i?|). We would expect to 
have detected many more magnetic B stars with much 
larger Bf, and the K-S test also reveals a very low prob- 
ability for such distributions. Weaker fossil fields as 
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observed in star 94 (Fb =15,000 G Rq) or in star 45 
{Fb = 400 G Rq) are far more probable, but the strong 
fields of stars 47 and 170 are excluded from such a sce- 
nario. These results imply that it is unlikely that the 
magnetic stars of NGC 3766 have a purely fossil field 
origin. We caution that a fossil field might not be ruled 
out if fields present at the ZAMS have decayed due to 
non-conservative processes, not considered here. 

Non-random distributions of /3, or a, f] that evolves 
during the MS lifetime, may also occur in a coeval pop- 
ulation with widespread fossil magnetic fields. We inves- 
tigated our models' dependence on f3 by trying several 
alternatives to a flat, random distribution: a distribution 
weighted over the surface area of a sphere, a random bi- 
nary distribution (/3 = or n/2) , and even the constant 
values /3 = 0, /? = 7r/4, and f3 = 7r/2. We obtained 
identical results will each trial, revealing that our simple 
assumptions about the /3 distribution do not influence 
the validity of our models. 

4. CONCLUSIONS 

We have detected 2 definite and 2 possible magnetic B- 
type stars in our survey of 15 members of the open cluster 
NGC 3766. Both of our definite Bi detections are found 
in stars with abnormal He abundances, and we find a 
marginal Bi signature in two other cluster members that 
should be confirmed by higher resolution spectropolari- 
metric observations. Our observations provide only a 
single snapshot of Bi among the 15 stars in our survey. 
Further time-resolved observations of these B-type stars 
are necessary to determine the intensity and topology 
of the fields and investigate the spatial distribution of 
orientation angles throughout the region. 

We do not observe any trends with the detection of 
Bg with V sin i or log ^poiar , suggesting neither rotation 



nor evolution along the MS are major factors influencing 
the presence of magnetic fields. If the magnetic fields are 
produced by a magnetic dynamo, a correlation between 
Be and Vsini would be expected. 

To examine the possibility that the detected fields have 
a fossil origin, we used the Oblique Dipole Rotator model 
to simulate populations having a uniform or slightly vary- 
ing magnetic flux on the ZAMS. Assuming conservation 
of the fleld strength with MS evolution, we compared 
our 4 definite and marginal detections to the modeled 
fossil field populations. None of our simple fossil mod- 
els successfully reproduces both our observed range in 
Bi and the expected number of field detections. There- 
fore we tentatively rule out a purely fossil origin for the 
magnetic stars in NGC 3766. 

Our results are also consistent with the bimodal dis- 
tribut i on of magnetic field strengths found by |Auriere| 
et al. (20071, who proposed a critical magnetic thresh- 
old for the stability of large scale magnetic fields among 
early type stars. This or some other, unknown mecha- 
nism may contribute to the magnetic fields detected in 
NGC 3766. 
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TABLE 1 
Journal of Observations 



Star 

25 

31 

41 

45 

47 

55 

73 

83 

94 
111 
161 
170 
176 
196 
200 



HJD 
(t - 2,450,000) 

4550.781 
4549.708 
4549.762 
4550.587 
4549.533 
4549.822 
4550.525 
4549.625 
4550.845 
4550.642 
4549.858 
4550.708 
4549.888 
4549.662 
4550.885 



Total exp. 
time (s) 

4800 
3000 
4100 
5000 
1800 
4200 
1700 
1640 
4200 
3600 
1800 
4900 
1800 
2500 
2100 



Detection 

None 
None 

None 

Marginal 

Marginal 

None 

None 

None 

Definite 

None 

None 

Definite 

None 

None 

None 



(G) 

-96 

12 

-14 

-185 

-234 

-46 

-138 

-55 

276 

54 

-32 

1710 

2 

-30 

-12 



(G) 

61 
59 
36 
53 
69 
37 
73 
36 
55 
33 
25 
32 
31 
39 
42 



TABLE 2 

Summary of Target Sample 



MG 


Webda 




V sin i 


Tcft 




M, 


R* 


Ro 




ID 


ID 


y 


(km s-i) 


(K) 


log Spolar 


(Mq) 


(Rq) 


iR@) 


Comment 


25 


291 


10.74 


261 


18995 


4.02 


6.6 


4.2 


3.1 


Be transient 


31 


151 


10.09 


197 


17834 


3.99 


6.2 


4.2 


3.0 


Be transient 


41 


130 


10.62 


84 


17900 


3.84 


6.6 


5.1 


3.1 


He strong 


45 


8 


10.69 


90 


15500 


4.61 


3.6 


1.5 


1.5 


Normal B star^ 


47 


15 


8.53 


190 


18399 


3.30 


9.3 


11.3 


3.7 


Be star 


55 


23 


10.40 


121 


18000 


3.88 


6.6 


4.9 


3.1 


He strong 


73 


26 


9.23 


296 


18274 


3.49 


8.2 


8.5 


3.5 


Be transient 


83 


27 


8.34 


111 


18817 


3.31 


9.8 


11.5 


3.8 


Be transient 


94 


194 


10.79 


177 


15650 


3.94 


5.0 


4.0 


2.6 


He strong 


111 


52 


10.24 


66 


18436 


4.28 


5.7 


2.9 


2.8 


Normal B star 


161 


70 


9.08 


73 


18400 


3.49 


8.3 


8.5 


3.5 


Normal B star 


170 


94 


10.68 


65 


18060 


3.82 


6.8 


5.3 


3.1 


He weak 


176 


212 


9.13 


54 


21435 


4.18 


7.6 


3.7 


3.3 


Normal B star 


196 


239 


9.44 


165 


19660 


3.87 


7.6 


5.3 


3.3 


Be transient 


200 


240 


9.70 


236 


16301 


3.51 


6.8 


7.6 


3.1 


Be star 


"^ Classified 


as a possible 


! Be star 


by |Shobbrook| (|1985| |1987|l . 


May be a transient Be star. 









TABLE 3 

Simulations of Fossil Field Populations 



Model 



Fb 

(GRl) 



Br, 



Nde 



CJN 



(G) 



(G) 



Mean p 


(%) 


10.3 


22.8 


31.4 


45.1 


66.2 


80.0 


95.7 


99.3 


99.9 


99.9 


7.9 


16.5 


23.2 


34.5 


55.2 


69.6 


88.7 


97.0 


99.8 


99.9 



Model A: 



Model B: 



170,000 
100,000 
80,000 
60,000 
40,000 
30,000 
20,000 
15,000 
10,000 
5,000 

170,000 
100,000 
80,000 
60,000 
40,000 
30,000 
20,000 
15,000 
10,000 
5,000 



12.8 
11.0 
10.1 
9.0 
7.3 
6.2 
4.3 
2.8 
1.5 
0.6 

13.2 

11.8 
11.0 
9.8 
8.2 
7.0 
5.4 
3.8 
2.1 
0.9 



1.3 
1.4 
1.4 
1.4 
1.4 
1.5 
1.4 
1.1 
0.7 
0.3 

1.3 

1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.3 
1.0 
0.6 



1965 
1315 
1138 
935 
742 
629 
549 
550 
525 
291 

2373 

1547 

1322 

1089 

843 

717 

585 

554 

542 

367 



557 
383 
335 
283 
239 
218 
235 
279 
302 
215 

683 
456 
394 
331 
267 
240 
225 
253 
302 
246 



McSwain 
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Fig. 1. — (left) Stokes 7//c and y/7 spectra of No. 45. (right) B£ is proportional to the slope of the least-square linear fit to the observed 
data. We find a marginal detection of Bi = —185 di 53 G for No. 45. 
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Fig. 2. — (left) Stokes I /Ic and V/I spectra of No. 47. (right) B^ is proportional to the slope of the least-square linear fit to the observed 
data. We find a marginal detection of Bp = —234 di 69 G for No. 47. 
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Fig. 3. — (left) Stokes I/Ic and V/I spectra of No. 94. (right) Bf is proportional to the slope of the least-square linear fit to the observed 
data. We find Bf = 276 ± 55 G for No. 94. 
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Fig. 4. — (left) Stokes 7//c and y/7 spectra of No. 170. (right) Bi is proportional to the slope of the least-square linear fit to the observed 
data. We find Bi = 1710 ± 32 G for No. 170. 



